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Abstract 
In today’s networked economy, strategic business partnerships and outsourcing has become the dominant 
paradigm where companies focus on core competencies and skills, as creative design, manufacturing, or 
selling. However, achieving seamless interoperability is an ongoing challenge these networks are facing, 
due to their distributed and heterogeneous nature. Part of the solution relies on adoption of standards for 
design and product data representation, but for sectors predominantly characterized by SMEs, such as the 
furniture sector, implementations need to be tailored to reduce costs. This paper recommends a set of best 
practices for the fast adoption of the ISO funStep standard modules and presents a framework that enables 
the usage of visualization data as a way to reduce costs in manufacturing and electronic catalogue design. 
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1 INTRODUCTION 
The globalised nature of the world economy is evidencing 
a tremendous increase in trade and investments. 
Nevertheless, in such an open market, the challenges to 
organizations, especially the smaller ones, are real and 
they must protect themselves to ensure that 
competitiveness doesn’t decline. Customers demand 
more information every day and it must be complete, 
updated, understandable and without errors [1].   
Electronic business as the way for communication will 
only be effectively achieved by industrial organizations 
when product data, business and technology become 
fully aligned and interoperable between them. To 
accomplish this goal, standards implementation is a must. 
Their usage is accelerating technological and 
organisational change, thus improving innovation 
performance [2].  
Designers and manufacturers using standards will get a 
considerable advantage over those that don’t. Sending 
and receiving e-commerce documents in standardised 
format may get easier access to new markets and 
facilitate the management of product data through 
product life cycle (PLC) phases, distributing information 
from the designers to manufacturers, retailers and e-
marketplaces. These advantages give the possibility to 
reduce administration costs when handling quotations, 
orders, etc., as well as the opportunity to have electronic 
catalogues, product customization, user-centric design 
and e-commerce.  
However, in the SME-based industries, as furniture, 
Information and Communication Technology (ICT) 
systems, namely the ones with greater concerns with 
interoperability, are still often viewed with some 
scepticism. Organisations seemingly spend large 
amounts of time and effort trying to implement standard 
recommendations, and training the employees [3].  
Therefore, this paper, supported by the European 
research project INNOVAFUN (standards.eu-
innova.org/Pages/Innovafun/Default.aspx), proposes a 
methodology based on use-cases that serve as 
guidelines for the adoption of STEP standards [4], 
covering the needs expressed and promoting innovative 
and error-free design. In addition, to help SMEs reducing 
costs related to the manipulation of geometrical 
information in the design, manufacturing and commercial 
stages, the authors propose a framework based on open-
standards for the usage of visualization data. The 
challenge is to extract basic geometry information from 
complex CAD drawings and enable it to non-expert users 
[5]. 
 
2 ISO 10303-AP236, THE FUNSTEP STANDARD 
To cope with interoperability problems in the furniture 
industry supply chain, the funStep group 
(www.funstep.org) engaged in standardization activities 
within the STEP group of standards and created the 
funStep standard, officially known ISO 10303-236 [6]. 
This standard, also known as Application Protocol 236 
(AP236), is the part of STEP that defines a formalized 
structure for catalogue and product data under industrial 
domains of the furniture sector.  
AP236 is focused on product definition of kitchen and 
domestic furniture, extensible to cover the whole furniture 
domain (e.g., bathroom, office, etc.). It is a foundation for 
data exchange in the furniture industry so that all the 
software involved in the design, manufacturing and sale 
of a product, understands the same vocabulary [6]. 
2.1 Modular Architecture 
The AP236 is designed in order to optimize reutilization 
of existent standard models, and modularization was the 
answer. Therefore, similar and common requirements 
were identified from existent STEP APs, and subsets of 
these models were selected to be integrated as part of 
AP236 (see Figure 1) [7][8]. This characteristic enables a 
faster standard development process and a guarantee of 
cross-sectorial interoperability since some of the modules 
are the same. Product and interior designers, as other 
stakeholders, may now be part of multiple supply chains 
without greater concerns with interoperability issues.    
However, in addition to reutilization, modularization in 
AP236 also enables to define implementation classes 
and options according to the stakeholder profiles. For 
example, in the furniture case, retailers, manufacturers, 
suppliers, e-marketplaces and interior designer/architects 
are the principle stakeholders, whose characteristics and 
relationships lead to different implementation 
requirements [9]. 
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Figure 1 - Modular STEP AP. 
Therefore, AP236 groups the standardized modules from 
the STEP community in six different implementation sets 
(designated by conformance classes – CCs in Figure 1). 
With them, anyone could implement funStep at different 
levels of compliance namely1: 
1) Simplified catalogue representation (CC1); 
2) Catalogue data and product geometry 
representation (CC2); 
3) Parameterized catalogue (CC3); 
4) Interior decoration project (CC4); 
5) Parameterized catalogue data and product 
geometry representation (CC5); 
6) Full AP236 that encompasses the others (CC6). 
 
3 BEST PRACTICE METHODOLOGY FOR THE 
ADOPTION AND IMPLEMENTATION OF FUNSTEP 
Traditional manufacturing sectors are interested in 
changing and evolving. They are motivated to innovate 
and explore new markets by means of global integration, 
creative and sustainable design, homogenization of 
business methods and services, and also to explore 
opportunities through widen collaboration better customer 
service and support [10]. 
To support this, the funStep standard was officially 
published by ISO in December 2006, and even before 
that, organizations have been demonstrating interest on 
using popular technologies such as XML to implement it 
[11][12][13].  
Despite of the value of the openness of the solution as it 
prevents future dependence of proprietary technology or 
services thus assuring reusability of investments, 
companies have the perception of risk on following these 
new technologies. Knowledge costs are also considered 
a threat as extra personnel training should be required. 
                                                          
1
 The enumerated names are simplified and do not 
correspond to the official AP236 CC names. Please refer 
to [1] for the formal designations. 
Due to their reduced size and lack of resources, and 
given the complexity of STEP technologies, SMEs have 
been facing some difficulties understanding and 
implementing the standard [9].  
Therefore, the funStep group, to which the authors are 
part of, has defined a set of innovative services and 
implementation guidelines for the funStep standard 
adoption, in order to help organizations to overcome 
these barriers. 
3.1 funStep services 
The funStep services are available to the end user in the 
form of: a) Software Services; b) Training Services; c) 
Validation Services and d) Consultancy Services, to 
support the funStep standard-based solutions [14]. The 
services have the objective of assisting on the funStep 
standard comprehension, implementation process, and 
also on development and design of new business 
practices on SMEs. They offer new opportunities for 
innovation and content management, while also 
achieving lower costs and more rapid deployment. 
Software services 
They are the key to complement legacy systems, or 
support new software design and development in 
different companies. With businesses needing closer 
cooperation between suppliers and customers, 
companies need the capability to link up their systems 
quickly with other companies. 
Training services 
They are meant to accelerate the transfer of knowledge, 
skills, and competencies to the stakeholders according to 
their requirements and profiles. The training is structured 
in the form of modularized tutorials [15], and is delivered 
in different ways, such as: traditional Classroom, Virtual 
Classroom and by E-Learning.  
Validation services 
The validation of implementations plays an important 
role, guarantying that the stakeholders are using correctly 
the funStep standard, and are interoperable.  
Consultancy services 
Whenever the case justifies, the funStep community may 
designate experts to provide external in-house services. 
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CC1 √    
CC2 √ √   
CC3 √  √  
CC4 √ √  √ 
CC5 √ √ √  
Table 1 - Level 1 of funStep compliance. 
3.2 funStep compliance and ICT adoption 
The ideal scenario in the communication between two 
different furniture stakeholders is that both of them are 
fully compliant with the funStep standard for product 
data. However, if that is not possible, the stakeholder 
receiving the information should have the same or higher 
level of compliance than the sender. Considering the 
number of CCs implemented: it is possible to define three 
different levels of funStep compliance [9]: 
• Level 0: the stakeholder has no funStep standard 
adopted and interoperability is never guaranteed; 
• Level 1, for the stakeholders that have adopted 
some CC modules of AP236. Inside this level, there 
can still be different sub-levels according to the parts 
of AP236 implemented (see Table 1). Here, 
 interoperability is only assured if the sublevels 
implemented are the same or if the receiver level 
encloses the sender’s; 
• Level 2, for the stakeholders that have adopted  full 
AP236, i.e. CC6; 
3.3 Use-case (UC) suite by level of compliance 
At present most of the furniture organizations have not 
yet adopted any funStep standard and will be on level 0 
of compliance. Indeed, many have still different ICT 
usage situations. Below, it is presented an analysis of the 
more common situations [9]:   
• Situation 1 - “Does not have an ICT Infrastructure”. 
This is the case where no ICT equipment is used in 
the organization and all information is stored in paper 
format. Fortunately, this case is currently being 
reduced, and is concentrated in the micro-
enterprises with less than 10 employees. In those 
many design specifications are still being sent by fax 
to manufacturers;  
• Situation 2 - “Has an ICT Infrastructure, but is not 
focused for information exchange”. This is the case 
common to the majority of SME environments and is 
the case where companies have computers, internet 
connection but have no specialized system to enable 
creative design, e-commerce or any kind of 
information management (e.g. ERP). Companies in 
this situation normally store their information in MS 
Excel, MS Word documents, or in very specific 
software formats. 
• Situation 3 - “Has an ICT Infrastructure for 
information exchange and management”. This case 
reflects the situation of companies that have already 
invested money in a system to enable e- business 
and PLC management. In this situation companies 
might already be adopting funStep (fully or partially), 
or may use proprietary formats not understandable 
by all, thus obstructing seamless interoperability. 
Considering this, the levels of funStep compliance and 
the typical stakeholders’ profiles in SME environments, 
the authors propose a set of UCs which will show the 
actions stakeholders should carry for a fast 
implementation of STEP standards, namely funStep.  
Depending on the ICT starting situation, Table 2 guides 
the implementors on the order of UCs they should follow, 
to adopt certain parts of funStep and raise the level of 
compliance. Therefore, the guidelines eliminate part of 
the complexity of implementing a STEP standard, i.e. 
where to start [9].  
3.4 A use-case and its recommended action plan 
Nowadays most SMEs, independently of their profile, will 
be on situation 2 or 3 without any funStep CC modules 
implemented.  To better illustrate how the UC suite 
works, its best to follow an example: Taking for instance 
a furniture retailer that decides to implement the funStep 
standard. Due to its business scope, the retailer already 
uses an ICT system that enables to electronically receive 
furniture catalogues from different manufacturers. 
However, due to the heterogeneity of the information 
received, it has trouble enlarging its business network.  
Clearly the retailer is suffering from an interoperability 
problem, and might gain from funStep. By the description 
above, the retailer is on situation 3 and on level 0 of 
funStep compliance.  
Following Table 2, it should start by finding and detailing 
the exact requirements that the current system does not 
answer (UC-07). At this stage, the actions in the use-
case, should be partially accomplished otherwise the 
retailer would never have felt the need to change and 
innovate. Next, the second step relies on the profound 
analysis of the standard capabilities to see if and how it 
will solve the problem (UC-08).  The procedure continues 
with UC-09, UC-10, UC-11, UC-12, until it reaches UC-05 
where it is foreseen that the organization will check if its 
implementation has been successful and obtains a 
compliance level certificate. 
Due to space restrictions only the last UC of the 
recommended implementation process is detailed in the 
paper (refer to [9] for others). 
Use-Case 05 – “Test the level of funStep compliance” 
The UC 05, illustrated in Figure 2, represents a scenario 
describing how a company tests the level of funStep 
compliance of its own software system.  
 This test will help the company to know if its system is in 
conformance, both syntactically and semantically, with 
the funStep standard and if it is interoperable with other 
systems already using AP236 [16]. 
ICT adoption funStep Compliance Priority Steps (#, name) Use-case 
Situation 1 Level 0 
1 Uptake basic ICT UC-01 
2 Build data system based on funStep  UC-02 
3 Implement system interfaces UC-03 
4 Populate data system UC-04 
5 Test the level of funStep compliance UC-05 
Situation 2 Level 0 
1 Build data system based on funStep  UC-02 
2 Implement system interfaces UC-03 
3 Migrate internal data to funStep system UC-06 
4 Test the level of funStep compliance UC-05 
Situation 3 Levels 0, and 1 
1 Find requirements that the current system does not answer UC-07 
2 Analyse how funStep could answer the requirements UC-08 
3 Discover mapping from internal system to funStep (if starts from level 0) UC-09 
4 Implement functionalities/ services to transform internal data in funStep 
data and vice-versa (if starts from level 0) UC-10 
5 Implement new parts of funStep  UC-11 
6 Implement system interfaces for the new parts UC-12 
7 Test the level of funStep compliance UC-05 
Table 2 - Use-Case suite for the adoption of the funStep standards. 
 Figure 2 - Use-Case 05 “Test the level of funStep compliance” [9].
This UC is rather complex in terms of the diversity of 
actors involved. Six actors have actions assigned. 
However the “Software Engineer” and the “funStep 
Consultant” have preponderance regarding the others: 
the former, because he/she is in charge of leading the 
testing process on the company side, and the latter 
because he/she is the one responsible for making the 
final certification on the funStep side. 
Using the sequence of actions represented in the use-
case the organization that wants to test the level of 
compliance of their software, knows exactly the sequence 
of actions to carry, which are: 
1) The “Software Engineer” starts analysing the 
available funStep methodologies in order to test 
company’s level of compliance; 
2) Then, he chooses the conformance testing (CT) 
mechanism [16]. It can weather be remote 
through the funStep web-services, the online 
testing application2, or local; 
3) After that, the “ICT Technician” is in charge of 
preparing the Company’s System for the CT and 
interoperability checking (IC) procedures [16];  
4) The next step, consists on the generation of a 
sample data set covering the full extent of data 
that the system can handle; 
5) With that, the “CT Mechanism” can execute the 
validation of the data set, detecting the level of 
compliance and reporting the errors found in the 
implementation of the “Company’s funStep-
based System”  if that is the case; 
6) After these tests, the “Software Engineer” 
continues with the IC procedures, downloading 
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 http://gris-public.uninova.pt:8080/funStepServices/ 
the pre-prepared funStep battery of tests and 
feeding them to the “Company’s funStep-based 
System”; 
7) He visualizes the imported information and 
modifies it using the system interfaces; 
8) Before storing and exporting the modified 
information in funStep format, the “Software 
Engineer” takes snapshots of the displayed 
information. This procedure provides a printable 
document to make proof of the information 
inserted in the “Company’s System”; 
9) Finally, the “funStep Central System” imports 
the information from the company and then 
displays it to a “funStep Consultant” that will 
compare the snapshots with the displayed 
information. If everything matches, he/she will 
certify the software system as funStep 
compliant. 
4 HANDLING VISUALISATION DATA  
With the path towards product data standards adoption 
cleared, communications, interoperability, and innovation 
should come easily. Nevertheless, software vendors are 
still pushing their proprietary solutions and delaying 
information openness.  The exchange of geometry and 
computer-aided design (CAD) data is one of the most 
prominent barriers still remaining. End users experience 
many difficulties trying to read geometry files from other 
systems and most of the times have to pay for expensive 
solutions that deal with it. CAD vendors generally claim to 
be interoperable through the usage of translators, yet 
their formats remain closed and are only partially 
exchangeable with different systems [17]. 
This problem is many times transported to users that 
don’t really need the full complexity of a rich CAD 
drawing. Users might just need a “light” view on the 
 geometry, and visualization data would be sufficient 
enabling to adapt the information to their needs, e.g. 
show geographical information on a map instead of on 
complex tables [18].  
Visualization could also be useful to complement the 
funStep standard efficiency. As described before (see 
Table 1), one of its parts, i.e. the CC2 is meant for 
geometry representation. However, maybe not all 
industrial stakeholders that need to deal with geometry 
need the full complexity of AP236 geometry modules. 
Therefore, one of the actual challenges on this area is a 
creation of a framework that regardless of the format of 
the geometry exchanged can show the information 
accordingly with the goals of the worker. Thus capable of 
simplifying the complex geometry based product data in a 
way accessible to all. Activities like virtual simulation 
would be accessible to all, thus enabling optimization and 
sustainability.  
4.1 Model-driven in visualization framework design 
The Object Management Group (OMG) has been 
proposing the Model-Driven Architecture (MDA) as a 
reference to achieve wide interoperability of enterprise 
models and software applications.  Model-driven 
Development (MDD) consists on the software 
development starting from a high level of abstraction, 
which enables the interaction of the final user in the 
development phase, i.e. customization. With this, the 
software can be more efficient meeting their goals and 
requirements. The MDA provides specifications for an 
open architecture appropriate for the integration of 
systems at different levels of abstraction and through the 
entire information systems’ life cycle [19][20][21]. 
For these reasons and due to the automation process on 
the software generation, the framework architecture was 
designed following the model driven paradigm (see 
Figure 3). The MDD leads to a need that everything is 
described as a model, i.e. the diverse formats (inputs and 
outputs) need to be expressed as models, thus enabling 
the integration of different applications by explicitly 
relating and transforming their models. 
The model relationships are based on the concept of 
Model Morphisms, which addresses the problem of 
mapping and transformation of models [22]. In this 
context, there are two classes of morphisms: 1) non-
altering, where given two models, source and target 
model, a mapping is created relating each element of the 
source with a correspondent element in the target, and 
leaving the two models intact; 2) model altering, where 
the source model is transformed using some kind of 
function that applies a set of mapping rules to the input 
model, modifying it into the targeted output. 
The above concepts have been applied in the 
architecture design. Looking at Figure 3, there are two 
major divisions that are relevant. First, the four level 
approach defined by the MDA, seen vertically from the 
meta-meta model (level M3) to the data (level M0), and 
second, the three parts that compose the morphisms 
architecture (seen horizontally).  
The “Common Base” is the pillar of the architecture. Its 
goal is to provide a meta-structure capable of describing 
the largest number of geometric artefacts. The author’s 
purpose was not to invent a new geometry representation 
format. Therefore, on [5], the authors elaborated a study 
that selected X3D, an ISO standard for the 
representation of 3D scenes, as the core format for the 
Common Base meta-model [23]. 
With the “Common Base” specified, non-altering 
morphisms can be used to discover relationships among 
the “Specific Formats”. These two parts of the 
architecture enable importing and exporting data from 
and to a neutral format. The process may result in 
information loss at the M0 level if the models have 
different degrees of expressiveness. 
The last part of the conceptual framework is related to 
the views. It defines the data structures that the views 
use to show the information graphically to the users. For 
instance, in a table, the model defines what information 
goes to which column. This part is related to the 
Common Base using model altering morphisms where 
the geometrical information is simplified for visualization. 
 
5 A SCENARIO FROM THE FURNITURE INDUSTRY 
Throughout the different product life cycle stages, there 
are many people working together and handling with 
product and geometry information.  Some are working in 
the product design, while others are more concerned with 
manufacturing and others with the marketing and selling 
of that product. 
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Figure 3 –MDD principles applied on the design of the visualization framework 
However, for example, for marketing purposes, people 
are more interested in the visual characteristics for 
promoting that product and not the specificities. Also, 
marketing departments need to develop product 
catalogues where they need to specify all the variants of 
a single product. Most of the times, these activities are 
performed by people that are not expert users in CAD 
tools leading to mistakes and extra time creating and 
updating catalogues. For these situations, visualization 
software is more effective for the organization because it 
saves both time in training of personal, and money in 
CAD software licences and error recovery [5]. 
The example introduced in section 3.4, is actually a real 
example of a furniture organization implementing the 
funStep standard. It is taking advantage of visualization 
techniques to have affordable and sustainable design 
along its supply chain, i.e. from the product designer to 
the manufacturer.  
The advantages of using a standard for data exchange 
are only noticed if its suppliers and/or costumers use it as 
well. For this reason and despite of being a retailer, it felt 
the need to use visualization software so that it can 
provide its suppliers, i.e. the furniture manufacturers, an 
easy tool to help in the process of semi-automatic 
catalogue creation following AP236 [24].  
Figure 4 illustrates the process in more detail. In this 
particular scenario, the furniture designers remain 
producing and sending the CAD data to the 
manufacturers using the traditional rich formats. In turn, 
these use that data to proceed to the fabrication of the 
object and its catalogation. However, this last process 
typically involves other departments and personnel not 
specialized in CAD.  
Therefore, and to assure a funStep data communication 
the retailer provides a tool that enables the manufacturer 
to establish an easy link between the product 
specifications, visualization, and configurability, thus 
accelerating the catalogue creation and communication. 
Manufacturers which have neither implemented funStep, 
nor use this tool will remain sending their catalogues in 
the traditional way where errors and misinterpretations 
may demand further iterations between the manufacturer 
and the retailer (right side of Figure 4). 
This strategy enables the retailer to enlarge its business 
network seducing manufacturers with a way of 
exchanging information following an international 
standard, and at the same time enables furniture 
manufacturers to create electronic catalogues at low 
costs and widens the possibility of spreading them 
worldwide being sure that the receiver will understand the 
data structuring. Similar advantages pose to the 
designers. 
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Figure 4 – funStep implementation scenario using 
visualization data. 
At the time of the paper preparation, the retailer in 
question was already receiving catalogues in funStep 
format from 25 companies as part of a pilot project. 
5.1 Use-case matching and services applied 
Based on the scenario description and on the retailer 
business description, it is possible to verify that it had an 
ICT infrastructure for information exchange but using 
proprietary non-standard solutions (third-party and home-
made solution). This way it meets the ICT situation 3 and 
level 0 of funStep compliance [9]. 
Applying the use-case suite best practices from section 
3.3 to the scenario implementation, the steps carried 
were the following [24]:  
1) UC-07, the search for requirements that the retailer 
system was not accomplishing was performed by 
three directors from the ICT, furniture, and 
decoration sections of the company. The technical 
feasibility report reflected the need to use a standard 
for receiving furniture product data. The goal of the 
adopted solution was to use all the product data and 
CAD associated files of every configured product 
from their furniture providers in order to do interior 
decoration projects; 
2) UC-08, the analysis of funStep to meet the 
requirements was performed by their software 
engineer  in collaboration with the authors that 
explained how funStep worked and how it could 
respond to their needs; 
3) UC-09, the mapping discovery was a consequence 
of that collaboration, i.e. both teams joined and 
formalized a mapping between the retailer internal 
structures and the funStep standard; 
4) UC-10 followed, using a mediation database with 
import/export functionalities. It accepts all the 
information coming from the associated 
manufacturer’s catalogue products (already in 
AP236 thanks to the cataloguing tool developed), but 
at the current piloting stage and for security reasons, 
it requires management approval before 
synchronization with internal structures; 
5) Neither UC-10 nor EC-11 was implemented at this 
stage because the retailer is still evaluating the 
efficiency of funStep on the transactions they already 
were doing. Thus they are not yet enlarging their 
business scope; 
6) The final activities were related to the testing of the 
implementation (UC-05); Thanks to this, several 
misinterpretations and implementation errors were 
resolved. The retailer is currently CC1 compliant but 
already with some part of CC2, CC3 and CC4 
working on the interior decoration. 
As is implicit, for the execution of these steps, the 
funStep services revealed an added value as well [24]: 
• Software services such as the online testing 
application and CADEF3, i.e. the funStep cataloguing 
tool mentioned in the scenario were used and 
adapted at their needs; 
• Several training sessions regarding the standard 
explanation were carried; 
• Validation services and methodologies have been 
applied as predicted in the UC-05; 
• And also consultancy has been used on the analysis 
and definition of the mapping between the standard 
and the internal information model. 
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 5.2 Visualization framework: an instance  
The model driven framework presented in this paper 
(Figure 3) has been instantiated and used to provide 
CADEF the capability of extracting visualization 
information from the original CAD and merging it back 
together with the product characteristics in order to build 
a funStep compliant electronic catalogue reusing the 
original product design.  
CADEF uses the presented framework in such way that 
completes the product and parts information described in 
the catalogue with a CAD model in DWGTM format from 
Autodesk®. Once the CAD model is opened in the 
embedded viewer, all the product variability defined in the 
catalogue could be selected and delaminated according 
to the manufacturers needs [5][14]. 
 
Figure 5 - DWGTM to X3D instantiation of the visualization 
framework. 
Figure 5 depicts the morphisms that are present in the 
CADEF implementation of the framework. The authors’ 
used the DWGTM specification published by the Open 
Design Alliance (ODA4) as starting point to define the 
“Specific Format” model, meta-model and parser. With 
them defined, links with the X3D model and meta-model 
(“Common Base”) have been detailed and specified 
implicitly in the tool. Finally, since the 3D viewer 
embedded in CADEF also uses X3D, the morphism to the 
output (“Specific Format”) was direct and it was only 
required to choose the visualization properties desired so 
that the visualization morphism could be described. 
Hence, level M0 of the visualization framework represents 
the execution stage. When CADEF imports DWGTM data, 
it automatically imports it into an internal X3D structure 
which enables to generate an X3D file, or show the 
visualization data in the embedded Xj3D5 viewer. 
  
6 CONCLUSIONS AND FUTURE WORK 
To solve interoperability problems in the furniture industry 
supply chain, which is comprised mostly by SMEs with 
heterogeneous needs, the funStep group has created an 
ISO standard which defines a formalized structure for 
catalogue and product data under industrial domains of 
the furniture sector.  
                                                          
4
 Open Design Alliance (http://www.opendesign.com/)  
5
 open source Web3D toolkit (www.xj3d.org)  
Due to the modularization properties of STEP it is 
possible to establish direct cross-sectorial links with other 
ISO standards. Among them are the automotive, aircraft, 
ship-building, building & construction and other relevant 
sectors to the furniture segment, e.g. many furniture 
manufacturers and designers act as suppliers sub-
contracted by other sectors, like automotive 
(refurbishment), ship-building (luxury Yates) or building & 
construction (wood-made houses).  
However, the main benefit of adopting the ISO funStep 
standard is the increased efficiency that results from 
sharing data between different ICT systems seamlessly 
bringing additional benefits without the need for re-enter 
information. Thus, there is a reduction of human errors 
and end-to-end transaction time (lead-time).  
Using standard compliant systems means that, 
component or products suppliers can provide full 
technical information about their products to the retailer, 
who in turn, can publish catalogues, operate e-commerce 
systems, manage stock control systems or supply data to 
interior designers in an interoperable manner, all without 
the need to enter any data more than once.  Customer 
orders placed with retailers can be communicated back 
up the supply chain immediately, enabling components, 
materials and manufacturing resources to be allocated at 
the earliest opportunity. 
Furthermore, it enables to combine catalogue data from 
several sources in a single retail management system by 
importing component specifications from multiple 
suppliers to a furniture design or manufacturing system. 
However, due to the complexity associated with the 
implementation of standards, especially STEP standards, 
the SMEs require a push. Mechanisms to facilitate and 
accelerate the adoption task and simultaneously 
minimizing the costs are required. Therefore, this paper 
recommends a use-case based methodology to assist in 
the adoption of the funStep standard (AP236) by furniture 
related organizations and proposes a framework applying 
the principles of Model-driven Development to support 
dynamic integration geometry vital information in the form 
of visualization data to non-expert users.  
Using the public DWGTM specification made available by 
the ODA, the authors implemented one instantiation of 
the framework, developing a DWGTM model, meta-model 
and parser, and defining the appropriate morphisms for 
intelligent integration with the X3D standard open format.  
During the INNOVAFUN project, the presented 
framework has been validated in an industrial scenario 
from the furniture industry, where CADEF, a tool to build 
product catalogues has been successfully integrated with 
the framework. It enables access to visualization data for 
support in manufacturer catalogue creation and design. 
Manufacturing and retailing systems are complex and 
dynamic. They need to be constantly adapting to new 
market and costumer requirements who more and more 
demand a faster and better quality service. Even 
standards need to be adjusted from time to time.  
This behaviour is reflected in a constant fluctuation and 
evolution of business networks and system models, 
which makes interoperability difficult to maintain.  The 
authors intend to address this non-linear problem in 
future research involving feedback, monitoring and 
prognosis mechanisms as part of the business networks. 
With these, they intend to include dynamism in the 
morphisms maintenance among systems, thus allowing 
automatic readjustments in the information flows without 
the need to reprogram the full systems.   
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